The objective of this study was to study the Indirect Resistance Electrical Furnaces (IREF) based on analytical and experimental analyses. The analytical analysis focused on a constant set of equations representing the internal and external flow of heat energy in the furnace, which demonstrated, relatively with the surface area of walls, heat transferring inside the furnace chamber to get a creation mathematical model including the joining between the temperature required design components (furnace walls, thickness and electrical power supply). Approach: The experimental analysis has divided in to tow parts; first part based on process number of practice experiments with three prototypes have manufactured in certain engineering dimensions that changed in three different volumes of furnace, which are considered, i.e., chamber volume of furnace is the design dimensions component.
INTRODUCTION
There are many classifications of indirect resistance furnaces, but the class according to the position style of heat elements is considered widespread. The hidden thermal elements are hidden in the walls to make an indirect heating treatment like shown in the Fig. 1 ; the hidden thermal elements resistance furnace has a tubular heating element with a vertically oriented longitudinal axis. The heating element is connected to supply terminals by which heating current is introduced at power supply points into the heating element (Krivandin and Markov, 1980) .
Furnace is a structure for heat exchange between a surrounding medium and the charged metals (materials) in which a regular monitoring of temperature at required intervals of time is incorporated. Furnaces are of various sizes, i.e., small, medium and large, depending on the quantity of heat and efficiency required (Ziyad and Mohammed, 2007) . Design of metallurgical furnaces involves considerations of the mode of operation, its heating mechanism, heat transfer within the furnace, waste utilization, materials and elements of furnaces, capacity and efficiency. In addition, the energy utilization in a furnace is paramount in the furnace design analysis. By their operations, all metallurgical furnaces were classified into melting and heating furnaces (Oyawale and Olawale, 2007) . (Chook et al., 2005) The energy utilization in an electric furnace is the basis for its design consideration to achieve effective performance. It also helps and guides in the determination of the scale of performance for both the metallurgical and economic considerations. The analysis is used primarily to determine the basic required design parameters of the heater materials for electrical furnaces (rectangular and cylindrical), to predict the furnace performance, suitability and its financial implications, the improvements in this type of furnaces cannot be achieved without detailed investigation of the furnace components characteristics. This study is aimed to investigate the design components that given suitable specification of performance and developing the general theoretical and ideas on the relationship between operating temperature and the furnace parameters as its design dimension (Ram and Patel, 1998) .
MATERIALS AND METHODS
Analytical analysis: two-bar-description is developed to model the thermal behavior of indirect resistance electrical furnace as shown in Fig. 2 that represented the two dimensional section of furnace chamber. The generation of thermal energy by electrical resistance of the heating elements involves the transfer of quantities of the energy that leads to reach the temperatures for the furnace chamber and then to its walls, the heat transfer may occur through conduction, convection or radiation and the heat transfer system according on the operation temperature range inside the furnace (White et al., 2009 ), but in this study it has assume conventional heat transfer because of medium temperature range required lower than 800°C approximately.
Theoretical aspects:
The set of equations have applied on operation system of (IREF) heat generation furnace include the first law of thermodynamics Eq. 1, the two terms Q in , Q out represent flow of internal and external thermal energy respectively which are cleared proportionally with the surface area as a result of convection heat transfer Eq. 2. The term Q gen is related with conversion of electrical power to heat energy Eq. 3 and the term Q acc is storage accumulated energy in the medium that is remaining as required quantity heat energy in the furnace Eq. 4 (Incropera Frank, 2002) :
Mathematical modeling: The operation of an electric resistance heating furnace indicates that heat energy is lost both as a heat in the furnace space (chamber) and as heat energy in another component such the furnace walls. For this purpose, the heat balance should be complemented with applying heat balance on the both parts of furnace space and walls (Zghair, 2006) .
• The applying of heat balance with furnace space by using Eq. 1 will give the following: 
By dividing of Eq. 7 on c c A h and taking of Laplace transformation, it will give:
• Also applying of heat balance with furnace walls by using same procedure, it will give the following:
Where: 
where,
RESULTS
To validate the mathematical model that has developed in this study Eq. 10, which included the design components of furnace and to investigate the effects of dimensions design of the chamber on the furnace performance corresponding on TemperatureTime curve as a criteria to analysis, the experimental procedure was as the following:
• The MATLAB 7.4 program has used through building certain simulink to simulate Eq. 10 
CONCLUSION
Such as these analyses become more important and challenging for investigators because electrical, thermal and economical problems are involved. Thermal problems are the most interesting and important ones, because it is difficult to solve owing primarily to the variation of parameters with temperature, because it obtained results utilized to form the basic investigation for relationships between the required temperature and the dimensions design components. Although information relating to the design and fabrication of an indirect resistance electrical furnaces of such prototypes as that fabricated through this research was not readily available in the literature.
